
LA w 81.937

~: EXPERIMENTSHWI?lC A ~ICAL HANIFESTATIOM OF THE HELICITY

OF TRANSPORT CURRll~ IN SUPERU’MDUCTIM WIRES

AUTHOR(S): (W)illfnm C. Ovcrtmn, Jr. nnd (H)nrold l#einntnck

SUBMllTED TO: ‘h Sixt wnt II 1 III wnii I IIWI I (hmrwcnro UII I.IIW Tcmpor:il urc

h-n lrH. IJnlwrrii I v of Cit 1 I r~irni:i, Lox An~u I UH,

AWUHL 19-25, 19111.

I
i
i

L%? ‘LOSALAMOS SCIENTIFIC LABORATORY
PoetOfflw Box 10W LOIIAlamca New Moxko 87545
An Mhna9ua AoUaI/Et@ OppdnQ En@oyw

.

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



lMWtIWS’1 SIIIIVI ?3: A Ml I’IIMI (“ il. !LW I I%%TATI1)S W T71E II I!LIC I TY ~JF TRA?WWRT CURRRNT

I:: slf~I~f31::MlCTl w WI RF-qW

fl #
F. (:. Ovrrlnn. .Ir. mtl Ilmoltl WIIln PI I,ck

II
IA,,. Al,tm,~ S, II IIIIMI l-ll)t,rnl,~rv, l~m AI Jmm, W R7’I.t5

#
111111..1. !I1.:1 111111. 1,~ Ilh+ll. tlillw. I:!II L,:I.!.., II hfl~llh

ml. t r.,w p,rl , urriwl ,hVIm:l IV ,11 I! IL, mlm,il ..liIII, ,If lvp 11 wlrv,: vlil lIlv. 11:~, l,lr-
J :, l,. + : .1., WI, II I h, .;up.r. Ilrr,vll IWIIII III.. .I ht.] i, II ,Ilwl I 111111:-w Ah. tm. III,. .iIIpl1

,.,,f 1.,:, “ ,,1 .,,, I.xll.rw,l : 1..1,1 1!,. Thl,. 1. I,r,.:t,ll !... IIIC mI-It f II” rw,lmtt mu..wcmml:4
.~’.117 I I’.: .I~”I1 1 IWIII, W;III IIlwI.iwd I III, .. .. .. ,. ii--l “ft.lr ll.IXrl I 1..” i .,- ..II,11: ,,! rn.wt n: ~,,!

W!M1 .1 4 n. :!1. 1,IV, ,.lt.l.p., d

‘1

I W.ll IIlli II ■ .Ilfi. .l ,: IIW ..l 1:11. 1,1.llt,Il ,Illrt,lll 1,,. -
,., !., :,. ,1,. . 1,. !-.,,I . ... III.. pr.1.l.,,1 I.VI t,xl,, I IY..III ; ill: ,, , ,11. , II II..,. li,.lII, [qII,. 1,11 s,., .UI.

Ill”’ ‘t, 11.1:11. II 1,.1’ 11111I.1 1111, ..I! .1,11.. ‘m..lm ,,h.r. km. ,,1,..,r~-t.! 11:,. :,. I. i.,,. ..v,w LI,I.1, II

,Im ,:, ,.f 1,.. f 11, ,1 -1,.1,1 1,,. , \l.1 1111, i! !.!, :11. f l,, 1. .1, l.. :11! .::1 ~,lr,,.:., ,.: 1111. ,.0 II<

,[ 1.. ,,, I r.ah,mpm,rg urrvl!l :. III II IH.11 -u, I.1: .1111. 1. ..:.11 m’ !11. : ., .,1 I .11...

1. I’nl:l v.”. ., ;11!:

.I’vlli”:l’,’,.. ,,,, ,1,’~““’’l’”.
m., :?l..ll, v ,., ‘ 11---,, ! !,, 11., 1, ..,..1. *

,.. . , 1 II I.-p,. II ,,II,,I! ,1,1.1 I 1..,,
,vllu,h. r. f. ,,, .,.., .,,.’ . II ,.!. ,., ,,: ,, ,1 :: ,,,

!,. [11 ,.1, !, ,1.,, I 111 ~1,1,,1 I ..: 1.’” 1 . . .. .

I ,, ,111#.:11. !, 11), . .. IIIc.. .11: .,l’it.l .i. il ‘,

, .1.:1,,,. ,1 .“11 a ma 1;
.

b,. i 1, .....,1. ,, ,ml

!1,, ,,, , 11,,!, :-. ..’,.

!!,, ,, l:!,:’:::’; ““l !’1”’.. . ~, , ,, .,, ,“. ,.1 .1”1 ,,

!, , Ill ..1,1 , .. .1 I “1.,1, ,’~l il.,., .,

Il. I Illw pl ,, I 1.:, Ill 11.11.1, Ill. : ,, .,,.! ...

1!11. pllllllllv !.,1. 1, III.I It IBm.anm.lI II,. . 1,,’.. ! iI,

1111% I 1111, 1,, A. . ,.rdlm:l.. -, tlII. .IIII, I. I .It,, II-
“ :!, .111,1,, . ,,, I ..” .1..,,1. ,. !,.’1 ,1 ,.O,,.. . , :1,,

11~1-1 I 1111 & l,. bill, 11., I !, .11 11,.1 I I.l ,11

,111:.11.-):l\G % m 1,.1 Ill,, l.) l! ,.,~v

p 11!1 Ill 1111. Iwlllll.., V,.. ,11..1 ..1 .1,, ! ,, }., I

Ill,. 1:11911%’ ! ),.,. ,.1!, 11... , Illlml ..1 I.Il. :.., l\.,

,.11,.lplr.ml 1..11 ,.1,,.1, ,., 1, 11,111 ,.1..1. , ..1..1. II,,

Wllll # 4 11, ,m,.,.,,WI,,,,,II 11,
..

1111.1,1111. . .... . ..1 I 11,. Ill , .:, , 1.1111 ,,, ,-- 1,.

II 110,111 Ilv l,! III,, .11! 11.111 !11.!”1 11,,11 Ii-l! ,1.1 .1

Ill 11,1: ● Ivpl. II Wll,. !.1 !..1,, I 9.11, 1,1 . 1,1

,1..,.,1,,. mm, 1 ,1,,, ,. .1.,111,1 11,. .!1 1, , ,,, ,

11..,. !1 Ill 1111 ,1...vl. w .11 , . 111,, , 1.,, ,. ,1., 1,1

Ill[.. , ,.,,. I ,, l.,. !,..1 t l,, !-. ’1, . .11111.,,
.11,, Ill 11.1-.,1 ‘ -In,. PI .II I BII i ,. # .1., 11, .,,,1 l,.

,. ,,1,,,,,f ~ .,, ...111. s ‘,.,, IF 1-., 1 ..1 I .-l ‘m-n ,1,1.s1,

II .,1,1,1,1, , 1, . ! 11!,.1 1.,1.-W,

11, Iy I ‘:1 I 1,1 I Ill ,1!1 1..1.1. :.1.,:1

A, .,11.%.11 1.! I 1,,11!1, I , .1 ,11.lllll. ~.1 1 ., ,1,.

[ , sIll”.! , . ....1.,. I Ill,. \ Il. . 1,,1. 1., I 1. “., ,1

l.. I III ,Illpm 9 ,,,I ! ..,.1.!,, 1 .1, ,,.

!.ll {.. ,Illmw, .u, 11,I 1:. I ‘ ., S, :,’, 1.1, l.,,. la mim.

Ill. II l-lob. II pl ‘., 1 .. 111 , 1-. ..1. ,1

! I sq~, in,,. ,,,,1 ., II,, ,... !, ..,1 .,,,..,, 1,1

,11.1 ‘ I !1,,9 !! lhl I .!, .,, , .,,. .I ,,,,1

, ,,, ,.. v , .! 1..1, , l., !,, ,,, ,. :.,. ,,. , II I . , ,,,. ,

.1 ....01 Ill II,. 1,.,1. . , .,1, ,,”,,11 .,, !

b ‘“.11 1111 Iu’.l. l.l ,.l ,1. II
B .“’. ‘.1.

. .

,:, .

,,

:
‘. .,

-.

. . .
,,. s,.

m
..,. ● “

, ..’

, i,;” ‘
,.,. ,.

,.
,

1 :.,,,,,,.,.! I , . . . . ,, .,.,,1.

, ., ,, “I. -l B’ [,! 9,,, ,, .,, , ,, ,,qml..

1. , ,, , . . ..1 I 1,,. -,1’ . -m.. , n I., mllm ,I\. B 11. r
;..,,, ,,, 1, .,, ., ,., , I ,, ,,, ,, ,,, . 1. ,,11,, ,.1

,1,1 ;1., i:... , I .I I 11,1” 1,,1. , I I 11,.
,, ,“1.I , ,,, , l.1~,,,, , . . l-, .,, l,. ,’,,

..,.,, , ,’ ,1,1... ,., .,, ,,s ... ..,1.., B ,,,

, 1, . . . .“, ta m,,,,,, ~,,, 1,1 ... ..! 1,., . . . en,.
. . . ...1 al,, Il.,,..,, ., .-’ 1, ...

,C,i,. .,1, , , 1 !,,!,., n,... l.! , , l., ,.

1 ..,, 1,,1 ,, :.,, .1. ,! .,1) ,, ’..1 . ., 1

11. .1”’1. ,1, !. ’,...1!,,.! .,.,

, ,., .,
I.m,lmm,,l.., ..u , ,., In,

11
. . 1 - ..,. 1,.1 , ,., 4 11 ..1 . . . , , ,1, ,,1, ., ‘i

,!!. .II. ,,. .I. lI’ mml-., m.- .1; . ., I

,,...~.~ , 1,, , 11 ,1,, ,1, , -.1,. .1 1,
.!! .,.1. 1, .,,-,.. !,, ,, .,1 1 ml ,11

. .,. 1,.,..., ,1, ...,, m,’1 I ml,.,., I
1,,1, 111. 1“. -1.:, 8, ...1 ., ill 1.1

.,. 1.,..1 . ‘ I.” , l., 114. ”, ,11, .. 111
.,, .,,,, ,,,



I

.. ,.
, ,, .

I

Ii.:, ‘. 111.1,,,. . .,, .,. .11,1 11, ii ”..

.1 .,,.,. .,%. ;.1 ,, .,!,, ,..
,,, ‘. .. ,1...! .ill.t :’,’ ,1,

fl , ,!l. 1..,, ,1 ,, I ,m,, 111.1 .,, 1,, ,.,1 ! ‘1..1)
! I ! ,m.lli. lm.ll Ill ,1,,, ‘, 1,..1..11 ... I !,. t.I 1,.1

.,,,., ,..1. .1,111..: ,.,, ., ,.,.l,.,, 1,,,.,. , ,,.,,,

~, 1 .!! .!.,1.1:1!.. ,!1 :.,1111., Ill 1,,,.

l..
II .. 1..11

.,. , ,,W ,:.,., 111lm.111, : ‘Ill ... I ‘., .1111, 11, !11 ,1
I I 11.11 [.. ..111, !,.1 ., I ,. i * ,’.. .111 t III, ‘. i,nfa.r
11! V,.l. !ilv ,11 .1: I ,,1 1. 1-.111, 111,:1111) a. I

! , II,,. ,.,1 ,:!,.1 11,.! ,:ll:. ,,m’ la.: ,.1. . 11. [.

I :. ,. 1.!,,! ,m.:,,. ,1 s,,! ,: 1.., 1’,1 i-: ,1,.. !:111 111!,.
:1! :1~ Ullll .m.1, .1 1,,,111. .’ 1, I . ..1111

,1 .
l,. p,., I I 1,,. ... . . 1~ 11,.:. i I ‘.,!:, s 1 .1,,,

I I ,.,111 .“ , .I.. ,,.,, ..1 Ii,!,.. I .Irpl m,.. ! I 11,1 m.\

1,,11.,,11 II .11!1 1,. 1’11 , 1 -.,1 1,.1. !1,,. 11 #11

Ills, h.,.lll .,111.. ,., ,,1- ,,.1 , , .,,,,. ,1 l,.,, .,1 11,, ., .,

1,1’ 1.11 1.8 ,.9,1 11, III, 11, .,.,,!l, . II,,,1.,. :,1,. I . , ,.1

I :.!! I ,,,. ,-; .1,. , 11 . . . Il., I 1.1’ .1.111 1!

1,.’ ,, .,. 1 ,! ,11 ,11 111111.,, ,ilc.1 s a. ,1,,

,,1 :,11, :1., 1.11 ,1 . r’ I, ,!,.!1,. II,.. 1,,1,1, mm,.

111.:11 ~l,,m ,! 1.!..,, f: 1 .,1 ,W ‘, m !’.1, Ill f
.-l IIm., , *,, ,. 19., .,, , I,, .,.. .,ml ,,1

,1, ,, ,, ,1 ... ,1,, ,!!1 ,1 , 1- ,1 1,, .1., ,, “Ml,.

l!l,.11. ..1 I ., .8 1..11 Ill .1,..1. . 1 .\, ‘I”lllm

I I 1,1119. ‘ n .,.., I lm..lll*.1l., I ,,,,., 1[19,.,,,, ,. 1 ...

31 ... .,,.1 .1 !,1 , ‘..1 ’11, 1,,1 .1’ 1.1 11 .11 I la,

1,...1.,.1 ,1 1110 I Ill-1. ,, .1,, 1,11”, I ,. 1, 1,11 ,,.1

1, 1,, 1,,,1, ‘1,9, 1’ ..11 r 1-mm ! l,, ,1 !1111.

.l,,~,l,.,, , ,,,1 ,,1. 11.,. - 1..1..11,,, # n la I .11 1,.1.1,. ‘

11,1. I., .1. +I,m..a 1,,.. 1.,1 ,.11 , , ,, ,1..,. ,1 ,,, .1.,

I .11.1 i II :0. .: 11 ..,,, ,1, :.1 1,1 f,,,,,.,. I,,m

ILn.,.ml I 1,# 11,,.li... , l-l,1 , .. I 11111 . .. 1111 v.,,. II

11,,., ..1,., I p 11 l..,, ... l!,, l., 11.1 Ill ,1,. )

4 1

hl. ,.mm .Am

Ill ,111,, . ,,,.. .11, !,,,. ,,, a ,. ,,.,,
:., , ‘i n’,, %,1.1. 11, , 1 :. :. .,: , . . . ,,.,,, .

,..’!’” 1..’ !.,..-’,’. , ‘! 1,..:,”!, “; l.,

.,11. ,!.. :1!:.. ,,: ,1.,,1 .1, ,., . 1: :.,1,

“.,1. !.. .1 ,, ..l, m,..,,, .“
.;, ,,, ... ., “.. ,. !1 I I
,, .,,,. ,,, ., .,, m.:, m,.,,. . ...,,

I ,, 1 ,1,1 .1 1 !1, . I ,, 1.!.,... P,m lm.! i .. .!II ,1 I 1 ,Lm,ll
‘ 1,,,. , Ill ,l,Ol,n,fl... 91* l,. ,1,1 , l., 1,.%! ‘, \, 1,,

m I ,11,1,1 a II I ! II 1111,1 l!lm.,.l. .,! fill. m.11~,1 11!. ,

I .11. ,.,., 1,,,..1., [.] ,.,,,,.., ,,,, ,,.. l,,,,

11.’f II .,,111 .11 11, r 11,1-11 ,,! ,1 .1,1.1
,,, , ! 1... 1 II 11111111.1. ,.1 I I U ,11 l.. ,1

Ill I .,lill.11.l . 1!.1 . . .11, I 1, II, I l.1,.~., 1,
1, ,...1} ,,.,,. II 1!!. ,! 1.11 .1,1!1, W1.llll . ,1, ,.
,. 111 ,.. ,,, !! 11,,- ‘; 1, ,. 1..1, !.1 11,1, %11,. , I 1,,.1 I

..:1 ,!’ ,Jli. h, 1.1, ,1 l... , .m.,.,, l.l !., 1, 111..9. 1!

I! Ill

“., .

11

,1 ,

I 11

1,1

,.. L

, 1.1.1. 1111. W.11111 Ill.1. 1 ,1 .19.1.,. Iwl .1 III

,..,, ..,.,,,., IFl .,1 , ..1,1. 1, [., IIm.l I ..1.,,1, l.. ,.”

pllll IInm. Ire.,,.II IIIF .,!! .II I.... . n,,,,,.,!. 1,1 11,,

1,11. 1, %., I:,,I!. I Ilnvm. l.. II n..m I I.. III,mI.l. I I .. I ,..

II I * l’1,~11 Ill III,, ‘: 111.1,.11, 1,,., , , l,,., ,11..,,

1,1.:1 In’. -1-1 . It’ll! lb ,111 I l..r ~ l,, .11 Ii.1111,

.,1 . . ... ,fl,ii:, I .,,. I , Irl. 11. ...11.. 1. . 1.1 .!1,,.1..1, \

1,. 1’1’!1 Il. I 1,,1., I 11 1, . !,,.!., I 1.!1 I I 1, II

(1:11I .11 16.111 - I IJ,l Iri. “1 I , ,.(1” l.- :., I I 1. .- II

,11 1. ,. 11,,, ,.! {1.1, , , :, I.w ,P ,1 Ill

! 1,..,.11,,111 .111 1,..11 ...1.,..,II.1 -,11.

11, !. 11., ..1. .8, 1111 l-l. 11.1,. , 11.1111, !1,.. ,. .! 11
... ,, ,,, , ,.. m, , ,,:, ,. ,:,, ,,.1 II 1,., , II II 1. , I,nm

,1, ,,, .,1!1. 11, 111,. , I Ill nml.1 I1,, ,. 1,,1

I11,, ii, .1,1, Il. 11, ,1,, ‘, .1 IV... 1., l,fl , , 1,,.

., .!,.! 11.1..1-..111111, 1.,.! 11,, . 1. , I . 1..1 I lm.

,. ,,,, I .!. .1 II,, , , ,,,, ,1 II ].’ , .Im..:t ,

It] ‘“,1. 1, , l,. ,., ,1,.! Ill-. , ‘:, 1,, v, ,

I I 11, “. 1, !’ 1,,..1% 1,!, ., %. \ll Ill ‘1,

[‘1
1 ..1.., 1. ! 11,1, 1,,1 .,” 11.1 II I,.
, .-,,,,,1, #,l#l. #.1}


